INTRODUCTION {#sec1-1}
============

Interventions performed in cardiac catheterisation laboratory (CCL) on paediatric and young adult patients are increasing due to better expertise, better availability of devices, non-operative advantage and shorter hospitalization with lesser morbidity. Though anaesthesia for device closure procedures comes with unique challenges and risks, there is no single best technique or a fixed drug combination regimen for it.\[[@ref1]\] Anaesthetic technique should cater to the requirements of the patient, procedure, and the performer with a goal of ensuring sedation, analgesia, and akinesia, while maintaining spontaneous respiration along with haemodynamic stability. Multiple techniques and drug combinations such as ketamine--midazolam, ketamine--dexmedetomidine, ketamine--propofol (KP), and dexmedetomidine--propofol (DP) have been used successfully for anaesthesia in device closure procedures in CCL.\[[@ref2][@ref3][@ref4][@ref5]\] The emergence reactions of ketamine in children are less intense, making it appropriate for use in paediatric CCL procedures. However, the haemodynamic instability and prolonged recovery period make it less suitable. Propofol has long been recommended and used in CCL procedures due to rapid emergence. However, it is required to be combined with another drug as it does not have an analgesic effect. Dexmedetomidine is an α~2~-adrenoreceptor agonist that possesses sedative, analgesic, and anxiolytic properties with no or limited effects on respiratory depression.\[[@ref6][@ref7]\] It modulates the release of catecholamines from the sympathetic nervous system and decreases the central sympathetic outflow.\[[@ref8][@ref9]\] Dexmedetomidine has been approved by the US Food and Drug Administration for use in adults as well as in paediatrics for sedation in non-intubated patients prior to or during surgical procedures. It has been shown by various studies that addition of dexmedetomidine to propofol for sedation and analgesia is well tolerated with a shorter recovery time, decreased movement, and reduced need for airway interventions.\[[@ref10][@ref11]\] In our study, we compared DP with KP for anaesthesia in paediatric and young adult patients with acyanotic congenital heart lesions undergoing device closure procedures in CCL.

METHODS {#sec1-2}
=======

The study was an open label randomised controlled trial conducted over 2 years from August 2012 to August 2014 in the CCL of a tertiary care hospital. Paediatric and young adult patients having congenital acyanotic heart diseases considered amenable for device closure by the Interventional Cardiologist were eligible. Cardiac lesions in the enrolled population included secundum atrial septal defects (ASD), ventricular septal defect (VSD), and patent ductus arteriosus (PDA). Paediatric cases below 7 years age, presence of haemodynamic instability, need for inotropic support, or assisted ventilation resulted in exclusion of the patient from the study. The study was approved by the Institutional Ethics Committee. Patients were stratified into paediatric (7--16 years) and young adult (17--25 years) categories. Patients were randomised into DP or KP group after stratification using an online service ([www.randomization.com](www.randomization.com)). Serially numbered opaque-sealed envelopes were used for allocation concealment. Masking of the intervention was not done. Pre-anaesthetic checkup was carried out diligently for all patients that included history and clinical examination, assessment of the airway, complete blood counts, renal function tests, prothrombin time, activated partial thromboplastin time, and international normalized ratio, electrocardiogram and, transthoracic echocardiography. Written informed consent for the procedure and enrollment for the study was taken from the parents. The cardiovascular evaluation involved history of easy fatigability, increasing shortness of breath, orthopnoea, paroxysmal nocturnal dyspnoea, and examination for signs of congestive heart failure such as hepatomegaly, pedal oedema, raised jugular venous pulsations, and basal crackles. Pre-procedure fasting was done as per protocol and an intravenous (IV) cannula was placed. On arrival in the CCL, ringers lactate infusion was started as determined by the patient\'s weight. All patients were pre-medicated with IV midazolam (0.05mg/kg) and glycopyrrolate (10 μg/kg) 10 min before the procedure. Strict compliance of pre-operative fasting guidelines was followed and when in doubt oro-gastric tube aspiration was done to empty the stomach contents. Ondansetron and ranitidine were given parenterally to all the patients before the procedure. Patients were pre-oxygenated before induction of anaesthesia. Following induction, ventilation was supported using face mask and Bain circuit for the period of transient apnoea. Once the patient was breathing spontaneously post induction, they were maintained on supplemental oxygen by face mask at 4-6 liters per minute targeting oxygen saturation (SpO2) of 98-100%. Supplemental oxygen was continued during the procedure. Respiratory depression and airway obstruction due to tongue fall or loss of airway tone was managed by head and neck positioning, Guedel oro-pharyngeal or nasopharyngeal airway, supplemental oxygen, and assisted ventilation. The recommended dose of all the drugs used in the study was similar (in mg/kg body weight) for both paediatric and young adult patients. Patients randomised to the DP group received a bolus of dexmedetomidine at 1 μg/kg and propofol at 2 mg/kg over 10 min followed by an infusion of dexmedetomidine 0.25--0.75 μg/kg/h and propofol at 4--6 mg/kg/h. Dexmedetomidine has linear and similar pharmacokinetics in paediatric age group and adults. Patients randomised to the KP group received a bolus of ketamine 1 mg/kg and propofol 2 mg/kg over 10 min followed by an infusion of ketamine at 0.5 mg/kg/h and propofol infusion at 4--6 mg/kg/h. Any additional requirement of sedation and/or analgesia was recorded. Following the bolus administration of the drugs as per the protocol and once the target modified Steward sedation scale (MSSS)\[[@ref12]\] score of 1, i.e., an unconscious patient with spontaneous ventilation and akinesia, was obtained with the bolus, infusions of propofol and ketamine in group KP or dexmedetomidine and propofol in group DP was maintained at a constant rate. Depending on the therapeutic response and intra-procedural cardiorespiratory parameters, the dose of all the infusions was titrated individually near around the specified protocol doses so as to maintain a MSSS of 1 and maintain haemodynamic stability during the procedure. The heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), respiratory rate (RR), SpO~2~, and MSSS were recorded at baseline, after induction, and every 15 min. Invasive SBP, DBP, and MAP were continuously monitored during the procedure on the cardiac catheterisation console. Post-induction hypotension was managed with fluid boluses. All the drugs were administered after calculating the appropriate dose in mg/kg body weight. Towards the end of the procedure, in order to confirm the correct placement of the device transoesophageal echocardiography (TOE) was done. While inserting the probe the patient was given oxygen by nasal prongs. In case of gag reflex causing haemodynamic pressor response to the TEE probe or if the cardiologist was not satisfied with the sedation, a dose of rescue sedation was given using inj dexmedetomidine in a dose of 0.75 microgram/kg and inj ketamine in sub dissociative dose of 0.1-0.3 mg/kg in the respective groups while injection propofol was given in dose of 0.5 mg/kg in both the groups. Primary outcome of time to regain consciousness was defined as time in minutes required for the patient to be conscious and responding to verbal stimuli, airway recovery with return of gag reflex or cough, and motor recovery as purposeful movement of limbs. MSSS score of 6 indicated full consciousness. Secondary outcomes include respiratory depression, which was defined as decrease in respiratory rate or depth of respiration below the normal physiological limit with a drop in SpO~2~ of ≥10% from the baseline. Before labeling an event as respiratory depression, airway obstruction was ruled out. Respiratory support meant a need for assisted ventilation during the procedure. Need for rescue sedation or analgesia was defined as an increase in the target MSSS score from 1 manifesting as coughing, bucking, lacrimation, sudden movement, or variation in haemodynamic parameters (HR, BP) by \>20% from baseline or a drop in SpO~2~ noted during TEE. Hypotension was defined as a blood pressure below 90/60 mmHg in young adults. In the pediatric population hypotension was defined as blood pressure below the fifth centile of the mean for age and gender.\[[@ref13]\] Deviation of cardiorespiratory parameters from baseline and time to return to baseline was the change in the monitored parameters of HR, RR, SpO~2~, SBP, DBP, and MAP from the pre-procedure values and the time in minutes required for these parameters to return to baseline again. Fluid refractory hypotension was defined as persistence of hypotension despite two normal saline boluses of 20 ml/kg each, necessitating use of inotrope. Dopamine was started at 10 mcg/kg/min in patients with fluid refractory hypotension followed by dobutamine at the same dose if the blood pressure did not improve within 15 min. Maximum dose of both inotropes used was 20 mcg/kg/min each. Patient was managed for shock if there was failure to respond to a combination of these inotropes within 45 min. Post procedure patients were detained in the recovery room where HR, RR, SpO~2~, SBP, DBP, and MAP were continuously monitored using multi-function monitors. The parameters were recorded every 10 min. Patients were also monitored for recovery from anaesthesia by the MSSS. Monitoring of the limb where the arterial puncture was done for colour warmth and peripheral pulse was also done. Stratified random sampling for difference between two means was done for two-tailed hypothesis testing.

The primary outcome was time to regain full consciousness, airway and motor recovery. Secondary outcomes included episodes of respiratory depression, airway obstruction, need for respiratory support, need for additional sedation or analgesia, hypotension and deviation of cardiorespiratory parameters from baseline and time to return to baseline.

The average time required for recovery of majority of patients following interventional catheterisation procedure is 35--45 min. A significant difference in the time to recovery of consciousness and airway and motor recovery was taken as ≥10 min (difference in the expected mean time between the two study groups). The standard deviation of the primary outcome in the control arm was 20 min. To demonstrate a 20% reduction in the time to recovery with α-error of 5% and power of 80%, the requisite sample size was calculated to be 100 patients. Descriptive statistics were used to describe baseline variables. Categorical outcome variables were analyzed by Chi-square test or Fisher\'s exact test wherever one or more expected cell size was \<5. Numerical variables were first tested for normality. Cardiorespiratory and haemodynamics data between the two groups were analyzed using Student\'s *t*-test. *P* value of \<0.05 was taken as significant. Statistical analysis was done using statistical software package SPSS version 20.0 and Microsoft Excel. The analysis was an 'intention to treat analyses.'

RESULTS {#sec1-3}
=======

One hundred patients were enrolled in the study. There were 56 patients stratified as paediatric cases and 44 as young adult patients. Patients in both the stratified category were randomised to either DP or KP intervention arms. There were 29 paediatric patients in the DP arm and 27 in the KP arm. There were 22 young adult patients in the DP arm and a similar number in the KP arm \[[Figure 1](#F1){ref-type="fig"}\]. The baseline characteristics were similar between the treatment arms of the stratified categories \[[Table 1](#T1){ref-type="table"}\]. There was no statistical difference in the nature of the cardiac lesions being addressed between the treatment arms. There was no difference in the variation of cardiorespiratory and haemodynamic parameters in patients between the two treatment arms in both the stratified categories. There were six patients in the DP arm \[6/29 (21%)\] and five in the KP arm \[5/27 (18.5%)\] of the pediatric cases who had disturbances in hemodynamic parameters, while two patients in the DP arm \[2/22 (9%)\] and five patients in the KP arm \[5/22 (23%)\] of the young adult group experienced hemodynamic disturbances. There was no difference in the incidence of hemodynamic disturbances in both the patient groups \[[Table 2](#T2){ref-type="table"}\]. The time to recovery of consciousness was significantly faster in patients randomised to the DP arm as compared to KP arm in paediatric patients (*P* \< 0.001) as well as in young adult patients (*P* \< 0.001). There was also a significantly faster motor recovery in patients in the DP arm as compared to KP arm in both the stratified populations (*P* \< 0.001). There was no difference in the time to recovery of airway reflexes between the study groups \[[Table 3](#T3){ref-type="table"}\]. One paediatric case in the DP arm, one paediatric case and one young adult in the KP arm experienced a transient drop in SpO2 during TEE. All the secondary outcomes studied were comparable between the two arms in both the study groups. The need for rescue sedation or analgesia was seen in five children in the DP arm \[5/29 (17%)\] and four children in the KP arm \[4/27 (14.8%)\]. Among the young adult patients, two cases in both the DP and KP arm \[2/22 (9%) each\] required additional sedation or analgesia. There was no significant difference in the requirement of rescue sedation or analgesia in both the study groups. The time required for return of cardiorespiratory parameters to baseline was also not different between the patients in the two treatment arms in the stratified groups \[[Table 4](#T4){ref-type="table"}\].
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Primary outcome in the study population
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DISCUSSION {#sec1-4}
==========

This study was an open label randomised trial that compared anaesthesia using DP with KP in paediatric and young adult patients with acyanotic congenital heart disease lesions amenable to device closure in the CCL. The study included both paediatric and young adult patients together as both group of patients had stable cardiac functions, were on medical management, had similar indications for device closure, and were managed in the same setting. It was imperative that the anaesthetic technique allays pain, anxiety, and stress, which could lead to cardiorespiratory and haemodynamic compromise, and at the same time have a spontaneously breathing patient without an airway device for a successful procedural outcome. This was achieved by pre-procedure counseling, careful calculation of the drug dosage, appropriate pre-medication, prevention of hypothermia inside the cardiac catheterisation suite,\[[@ref14]\] and other measures.

This study showed that there was a significantly faster recovery of consciousness and motor recovery in patients receiving anaesthesia with DP as compared to KP. There was also no significant difference in the incidence of respiratory depression, need for respiratory support, or loss of airway reflexes in patients between the two study arms. We found a very low incidence of respiratory depression in our study, possibly because of the younger age group with no associated co-morbidities. Patients in the DP arm of both the stratified groups showed an initial transient decrease in the SBP, DBP, and MAP, following initiation of anaesthesia, which soon returned to baseline without any additional intervention. The use of DP was well tolerated in the paediatric patients. These findings are in consonance with available evidence comparing dexmedetomidine with ketamine for various procedures.\[[@ref4][@ref15][@ref16][@ref17]\] Studies using ketamine anaesthesia for interventional cardiology procedure have reported lesser incidence of emergence reaction in paediatric patients,\[[@ref18][@ref19]\] but a longer recovery period and risk of haemodynamic instability putting it in disfavor.\[[@ref20][@ref21]\] Propofol has been shown to be effective for procedural sedation\[[@ref22]\] and in combination with ketamine has been shown to be safe for CCL procedures.\[[@ref23]\] This combination of ketamine with other anaesthetics has, however, been reported to have risk of haemodynamic instability in patients with left to right shunts undergoing cardiac catheterization.\[[@ref24]\] A study comparing dexmedetomidine--ketamine with propofol--ketamine in a similar setting as ours showed no haemodynamic or respiratory adverse effects, but showed a longer time to recovery with dexmedetomidine--ketamine combination.\[[@ref25]\] Another study comparing the effects of dexmedetomidine with propofol on cerebral oxygenation showed a statistically significant drop in the cerebral oxygenation between 5^th^ and 10^th^ minute into the procedure. However, the authors concluded that this drop was not clinically relevant, but in clinically unstable patients may be detrimental.\[[@ref26]\] There is wide variation in the use and perception of procedural anaesthesia for CCL procedures largely influenced by culture, training, and geography.\[[@ref27]\] In a study similar to ours, the authors reported more frequent agitation during recovery and a longer duration to regain baseline mental status in the ketamine group compared to the propofol group.\[[@ref28]\] Our study did not show any significant difference in the cardiorespiratory or haemodynamic parameters patients in both treatment arms. There was overall greater tachycardia with KP as compared with DP and transient decrease in SBP, DBP, and MAP with reflex decrease in HR with DP, but neither of these findings were significantly different. There was also no difference in the time required for cardiorespiratory parameters to return to normal. Both the treatment strategies were found to be adequate with no significant difference in the need for additional sedation or analgesia. Transient episodes of drop in SpO~2~ noted during TEE were addressed by removing the probe, giving rescue sedation, and assisted ventilation with increased flow of oxygen. We preferred to use the MSSS for objectively scoring the primary outcome because of its simplicity and reproducibility, even though there is no consensus on the most appropriate scale for this purpose.\[[@ref29]\]

The strength of this study was the adequate sample size, objective measure of outcomes of interest, wide range of patient population, and randomization of the intervention. The limitation of this study was the lack of masking of the intervention and that majority of the patients were clinically stable, thus limiting the application of the findings on clinically unstable patients with co-morbidities. Also, we are unable to report the cumulative dose of the drugs used between the study groups because of limitations in data collection.

CONCLUSION {#sec1-5}
==========

In conclusion, our study shows that anaesthesia with DP as compared to KP in patients with acyanotic congenital heart lesions amenable to interventional cardiology device closure in the CCL have a significantly faster recovery of consciousness and motor activity. This combination was found to be safe and well tolerated in paediatric patients.
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